In vitro and in vivo photodynamic therapy of otitis media in gerbils.
The aim of this study was to evaluate the antibacterial effects of photodynamic therapy (PDT) on common bacteria causing otitis media with effusion (OME). An in vitro study was carried out using a hematoporphyrin derivative sensitizer (Photogem; Lemonosov Institute of Fine Chemical, Moscow, Russia) and a 632-nm diode laser on Haemophilus influenzae, Moraxella catarrhalis, and Streptococcus pneumoniae. The presence of colony-forming units of the bacteria was examined, the microscopic structures of the bacteria were examined by transmission electron microscopy (TEM), and flow cytometry of the bacteria was performed. An in vivo PDT study was performed using gerbils. S. pneumoniae or H. influenzae were injected into bullae. The Photogem was injected into the bullae 2 days later when OME developed, and transcanal irradiation with the 632-nm diode laser (90 J) was performed. Middle ear and bulla were washed with Dulbecco's phosphate buffered saline (DPBS) and the washed DPBS was cultured. The presence of bacterial colonies was examined. The PDT was effective in killing all three kinds of bacteria. TEM showed damaged bacterial cell membranes and cytoplasmic structures, and the flow cytometry showed a lower number of viable bacteria in the PDT group compared to the control group. PDT was effective in killing S. pneumoniae in 87% of the infected bullae with OME, whereas it was effective in eradicating H. influenzae in 50% of the infected bullae with OME. The results of these studies demonstrated that PDT may be effective to treat otitis media. PDT may have clinical implications in the treatment of otitis media that is resistant to antibiotic therapy.